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Abstract.  Muscovy and local duck belong to Indonesian local waterfowl for meat and egg production purpose, 
whose physiological condition is strongly affected by genetic and environmental factors in which physiological 
condition determines duck productivity. Due to the global climate change including in Indonesia this study is 
important. This research aimed to study the different haematological condition, immune system and comfort 
of muscovy and local duck reared in dry and wet seasons. 128 muscovy and local ducks of one-day old of male 
and female were involved in this study with Completely Randomized Factorial Design (2x2x2). Two factors : 
breed of ducks (muscovy and local), sex (male and female) and season (dry and wet). The variables included 
the amount of erythrocyte, leukocyte, differential leukocyte, heterophile-lymphocyte ratio, hemoglobin level, 
hematocrit value, and total plasma protein. Data were analyzed using Analysis of Variance followed by Duncan 
test for any different treatment shown in the variables. The result showed that interaction among the duck 
order, sex and seasons significantly influenced the heamatological condition and welfare of the ducks. 
Muscovy duck and local duck reared in wet season had a higher haematological status than those of dry 
season. Leukocyte amount was higher in Muscovy duck than local duck, while Muscovy duck had a lower 
heterophile-lymphocyte ratio than that of local duck. In conclusion, haematological condition in wet season 
and dry season was different, the most influential immune system was heterophile and Muscovy duck and 
local duck were more in comfort in wet season. 
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Abstrak.  Entok dan itik termasuk unggas air tradisional Indonesia untuk tujuan produksi daging dan telur yang 
kondisi fisiologisnya sangat dipengaruhi oleh faktor genetik dan lingkungan dimana kondisi fisiologi 
menentukan produktivitasnya. Penelitian ini penting dilakukan karena perubahan iklim global juga terjadi di 
Indonesia. Penelitian ini bertujuan menganalisa kondisi haematologis, sistem kekebalan tubuh dan 
kenyamanan entok dan itik yang dipelihara selama musim hujan dan kemarau. 128 bibit entok dan itik jantan 
dan betina berusia 1 hari digunakan dalam penelitian ini dengan Rancangan Acak Lengkap Faktorial (2x2x2). 
Dua facktor: bangsa (entok dan itik), jenis kelamin (jantan dan betina) dan musim (penghujan dan kemarau). 
Peubahnya mencakup jumlah eritrosit, leukosit, perbedaan leukosit, rasio heterofil-limfosit, level hemoglobin, 
nilai hematokrit, dan protein plasma total. Data dianalisa menggunakan analisis variansi dilanjutkan dengan uji 
Duncan apabila ada perbedaan perlakuan yang muncul dalam peubah. Hasil penelitian menunjukkan bahwa 
interaksi antar bangsa itik, jenis kelamin dan musim berpengaruh nyata terhadap kondisi haematologis dan 
kenyamanan itik. Entok dan itik yang dipelihara saat musim penghujan memiliki status haematologi yang lebih 
tinggi daripada yang dipelihara di musim kemarau. Jumlah leukosit lebih tinggi pada entok daripada itik, 
sedangkan entok memiliki rasio heterofil-limfosit yang lebih tinggi daripada itik. Disimpulkan bahwa kondisi 
haematologi berbeda di musim penghujan dan kemarau, sistem kekebalan tubuh yang paling berpengaruh 
adalah heterofil serta entok dan itik lebih merasa nyaman saat musim penghujan. 
 
Kata kunci: entok, haematologi, sistem kekebalan tubuh, kenyamanan, musim kemarau, musim penghujan 
 
 
Introduction 
Muscovy duck and local duck are prominent 
than other poultry because of the higher 
immunity than chicken. Body immune against 
disease is one criterion in poultry breeding in 
forming poultry strain for industry. The 
indicator used to know the body immune 
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against disease of immunological function is 
haematological parameter (Talebi et al., 2005) 
and haematological status highly influences the 
poultry production level (Ismoyowati et al., 
2006). 
Physiological condition of poultry is strongly 
affected by environment namely feed nutrient 
and climate. Recent climate change happens in 
Indonesia as in all over the world as a result of 
global warming that causes a lot of failure in 
animal breeding due to disease or stress. 
Accordingly, it is essential to conduct a research 
on haematological condition, immune system 
and welfare of the duck reared in wet season 
and dry season. Environment (Vecerek et al., 
2002; Graczyk et al., 2003) and physiological 
condition affect blood profile which shows the 
poultry’s health like feed nutrient content 
(Kurtoglu et al., 2005), feed and water limit (Al-
Rawashdeh et al., 2000; Iheukwumere and 
Herbert, 2003), fulfillment (Lamosova et al., 
2004), and age (Talebi et al., 2005).  Previous 
publication reported a different blood profile 
on chicken with different age and strain 
(Hauptmanova et al., 2002). Haematological 
characteristic can be used as indicator of 
poultry’s adapting ability towards certain 
environmental condition. The development of 
poultry embryo is significantly affected by 
incubation temperature in which response to 
the environment can be measured 
physiologically using haematological parameter 
(Zhang et al., 2007).  Environment to raise 
poultry determines the poultry’s comfort and a 
continual farming should be considered the 
comfort factor of the animal (Esteves-Abe, 
2008). 
 Poultry’s welfare is a complex condition of a 
fowl including many aspects namely biological 
(physical and physiological), psychological, and 
behavior. Welfare level can be measured from 
the heterophile/lymphocyte ratio (H/L ratio) 
(Huff et al., 2005).  Gross and Siegel (1983) also 
stated that H/L ratio can serve as stress 
indicator in chicken, even Dietert et al. (1996) 
stated that that indicator is applicable as the 
biomarker mostly proper with immunology 
function. Accordingly, this research studied the 
different haematological condition, immune 
system and welfare in Muscovy duck and local 
duck reared in dry season and wet season. 
Materials and Methods 
This experimental research used a total of 
128 waterfowls consisted of one-week old local 
duck and Muscovy duck, each comprised 16 
male and 48 female. Feed given during 1-14 day 
old was BR1 of 19% PK and 3000 kcal/kg ME, at 
2-8 week old feed was given on mixed 35% 
ground corn, 45% rice bran, and 20% duck 
concentrate with nutrient feed of 15% PK, 2800 
kcal/kg ME, and 1.604 % P. 
The instrument used was 32 battery cages 
measuring 75x60x60 cm. Cage utility, sanitation 
tools and equipment for haematological 
examination consisted of standard erythrocyte 
pipette (101), tube, microscope, leukocyte 
pipette, glass object, check counter, 
microhematocrit, cuvette and 
spectrophotometer. 
Research design applied Completely 
Randomized Factorial Design (2x2x2). 
Treatments consisted of three factors, factor 
one was waterfowl species or Muscovy duck 
and local duck, factor two was sex or male and 
female, and factor three was seasons or dry 
season and wet season, comprising a total of 
eight treatment combinations. Each treatment 
unit of male and female duck consisted of two 
and six ducks, respectively, and was repeated 
four times. The combinations of treatment 
variables are as follows (1) male local duck 
reared in dry season, (2) female local duck 
reared in dry season, (3) male muscovy duck 
reared in dry season, (4) female muscovy duck 
reared in dry season, (5) male local duck reared 
in wet season, (6) female local duck reared in 
wet season, (7) male muscovy duck reared in 
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wet season, (8) female muscovy duck reared in 
wet season. 
The measured variables included the 
amount of erythrocyte, hemoglobin, 
haematocryte, total plasma protein, the 
amount of leukocyte, differential leukocyte and 
heterophile/lymphocyte ratio. Data were 
analyzed using Analysis of Variance followed by 
Duncan test for any different treatment shown 
in the variables.  
Research procedure was initiated by raising 
one day old tagged ducks for 16 weeks, feed 
was given twice a day as needed and feed 
intake reduction was administered. Water was 
given ad libitum. 
One blood sample was taken from one duck 
in each unit at the age of 8 week in early 
September for dry season blood sample, and at 
the age of 14 week in early November. 3 ml of 
blood sample was taken from vena axillaries, 
put in EDTA-filled tube, kept in ice_filled flask, 
the carried to the laboratory for further 
examination. The amount of erythrocyte of RBC 
(mil/ml) was counted using hemocytometer 
with Hagem dilution (Zhang et al., 2007). The 
amount of leukocyte (WBC) and differential 
leukocyte was measured using blood swap 
method colored with Wright reagent using 
Hematek Stain Pak. 100 WBC per blood sample 
was examined using Nikon microscope with 
400x magnification, and so were the 
identification of heterophile, lymphocyte, 
monocyte, eosinophile and basophile. Total 
heterophile and eosinophile amount was 
counted using Neubauer Hemacytometer and 
Nikon microspcope with 100× magnification. 
Cell coloring used phloxine B propylene air 
glycol. The total amount of lymphocyte, 
monocyte, and basophile was indirectly 
determined from the percentage calculation of 
cell and total heterophile and eosinophile 
(Chowdhury et al., 2005). 
Haematocrit was determined using Micro-
capillary Reader. Blood was centrifuged using 
Hettich Haematokrit centrifuge for five minutes 
to have the haematocrit value stated on the 
Micro-capillary Reader (Chowdhury et al., 
2005). Hemoglobin concentration (g/100ml)was 
measured using spectrophotometri. The 
concentration of plasma protein and blood 
albumin was measured using 
spectrophotometer, with standard protein and 
protein albumin solution (Pierson, 2000). 
Results and Discussion 
The different haematology in Muscovy duck 
and local duck reared in dry season and wet 
season 
Haematological status indicated that blood 
profile in optimal balance or around normal 
parameter made the physiological process run 
well, leading to an optimum production. 
Haematological parameters observed in this 
research include the amount of erythrocyte, 
hemoglobin level, hematocrit, erythrocyte 
index and total plasma protein. 
Analysis result showed that interaction 
between season, class and sex of the duck had 
significant influence on the amount of 
erythrocyte, PCV and total plasma protein level. 
Interaction of season and duck class 
significantly affected hemoglobin level. 
Haematological condition in dry season was 
lower than that in wet season. This indicated 
that environmental factors namely temperature 
and humidity strongly influenced the duck’s 
physiology. Wet season, on the other hand had 
lower temperature and higher humidity that 
caused the ducks to consume more feed, 
haematological value was therefore higher than 
that in dry season (Olayemi and Arowolo, 
2009). The highest average was 2.46±0.34 mil/µ 
in male Muscovy duck and the lowest was 
1.90±0.16 mil/µ (Tabel 1) in female Muscovy 
duck. This is in line with Sturkie (1976) that 
erythrocyte is a blood-building component 
which in fowl is elliptical with core, measuring 
12.8 μm and 6.6 μm in length and width 
diameter, respectively. While in chicken, it is 
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10.7 μm and 7.06 μm in length and width 
diameter, respectively. The amount of 
erythrocyte and blood cell volume was 
influenced by age, sex, hormone, hypoxia and 
other factors. Furthermore, it is stated that the 
amount of erythrocyte is 2 mil/mm3 in ducks, 
3.8 mil/mm3 in rooster, 3 mil/mm3 in hen. 
Olayemi and Arowolo (2009) reported that the 
average amount of erythrocyte in Nigerian duck 
(Anas plathirynchos) in wet season and dry 
season is 2.46±0.45 mil/µl and 2.02±0.56 mil/µl, 
respectively. Hemoglobin and hematocrit level 
was relatively equal in Muscovy duck and local 
duck, either male or female. Hemoglobin is red 
blood cell pigment that gives red color with 
complex structure containing iron, protein 
(globin), and pigment (heme) to bound and 
circulate oxygen to the tissues. One milliliter of 
erythrocyte contains 1.1 mg iron whose amount 
depends totally on hematocrit value and blood 
volume. This research result is lower to that of 
Ismoyowati et al., (2006), reporting that 
hemoglobin in Tegal duck of production period 
is 10.96-12.17 g/dl. This difference was due to 
the different age of ducks on sampling. 
Hematocrit in Muscovy duck and local duck is 
relatively equal in both sexes. Hematocrit is the 
comparison of erythrocyte and blood plasma in 
percent volume, in which hematocrit level is 
positively correlated with the amount of 
erythrocyte and hemoglobin level. Hematocrit 
value is related to the need of oxygen dealing 
with metabolism product. The average value of 
hematocrit in male Muscovy duck is biologically 
higher than that of female Muscovy duck and 
local duck, owing to the higher body weight of 
male Muscovy duck than other waterfowls. This 
result is contradictory with that of Elagib and 
Ahmed (2011) that Sudan rooster had higher 
hemoglobin and hematocrit than those of hen. 
The highest average of MCV and MCH is in 
female Muscovy duck, demonstrating different 
erythrocyte volume of Muscovy duck and local 
duck in both sexes, because of water content in 
the blood and blood viscosity (Olayemi and 
Arowolo, 2009). 
Variance analysis also showed significant 
difference of total protein plasma and albumin 
in Muscovy duck and local duck as well as in 
male and female local ducks. Plasma protein 
consists of three protein fractions namely 
albumin, globulin, and fibrinogen. According to 
Harper et al., (1984), total plasma protein level 
is 3.2-5.6 g/dl, albumin is 52-56% and globulin is 
29.4-54%. Plasma protein functions as body 
protein reserve, circulates non-statically, 
exchanges continuously with unstable tissue 
reserve whose amount is equal with circulating 
protein to make a dynamic balance. When body 
lacks of protein, it takes protein and plasma 
protein reserves from tissues for metabolism as 
happens in Muscovy duck with the highest body 
weight rather than in local duck due to a high 
metabolism for meat synthesis so body takes 
 
Tabel 1. Average amount of erythrocyte, hemoglobin, PCV value, and total blood plasma protein of 
Muscovy duck and local duck in dry season and wet season 
Season 
  
Water fowl 
  
Erythrocyte Hb PCV TPP 
(mil/ul) (g/dl) (%) (g/dl) 
 
MMD 2.46±0.34bc 7.81±1.85a 38.38±7.54ab 4.38±2.37a 
Dry season FMD 1.90±0.16a 8.19±1.07a 34.00±6.02a 3.85±1.92a 
 
MLD 2.08±0.35a 8.40±0.91a 35.63±5.21ab 5.80±1.39b 
 
FLD 2.31±0.38b 7.76±0.76a 34.63±7.27a 7.13±1.45c 
 
MMD 2.88±0.24cd 8.02±0.95a 38.70±1.89ab 4.06±0.46a 
Wet season FMD 3.01±0.26d 8.31±0.55a 40.50±3.84b 3.40±0.35a 
 
MLD 3.14±0.25d 9.09±0.66b 41.80±3.46b 5.06±0.91ab 
 FLD 2.70±0.45c 8.85±0.41b 40.80±1.23b 3.86±0.46a 
MMD : male muscovy duck, FMD : female muscovy duck, MLD : male local duck, FLD : female local duck 
Values bearing different superscript at the same column differ significantly in Tukey test 
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plasma protein to meet the need of protein. 
The different immune system and comfort 
level of Muscovy duck and local duck reared in 
dry season and wet season 
Measuring poultry comfort level can be 
done using several parameters such as 
physiology parameter including hormonal level, 
heartbeat (Craig et al., 1986), and 
immunological status (Gross and Siegel, 1983). 
As stated by Eicher (2003) that multi-disiplinary 
approach towards poultry comfort has to 
include immunological status. Moreover, 
immunologically the first response to stress is 
neutrophile circulation increase, phenotypic 
lymphocyte change, cell activity change and 
activation against acute stress response. 
Ismoyowati (2007) stated haematological status 
indicated that blood profile with an optimum 
balance or around normal parameter made the 
physiological process in the fowl run well, 
leading to an optimum production as well.  
The measurement of fowl comfort can be 
seen from measuring the heterophile/ 
lymphocyte ratio (H/L ratio) (Huff et al., 2005). 
Gross and Siegel (1983) also stated thay H/L 
ratio can be used as stress indicator in chicken 
haematologically, even Dietert et al., (1996) 
mentioned that this indicator can be used as 
the most appropriate biomarker with 
immunological function. Pingel (1999) stated 
that heat stress increased heterophile/ 
lymphocyte ratio which is more liable as fowl 
comfort than blood corticosterone level. Fujita 
et al., (1998) stated that fowl in welfare or in 
normal physiological condition and in 
environment with H/L value lower than 
distressed or under pressure fowls. While 
research result by Ismoyowati (2007) reported 
that highly productive local duck has average 
H/L ratio of 0.417± 0.125 lower than H/L in 
population. 
Variance analysis shows interactions of 
seasons, duck class, and sex variables has 
significant effect towards (p<0.05) the amount 
of leukocyte, differential leukocyte and 
heterophile/lymphocyte ratio as the stress 
indicator in fowls. The highest amount of 
leukocyte was 9110,00±2845.21 and the 
highest was 3625.00±1233.75/µl in female local 
duck and male local duck, respectively. The 
amount of leukocyte In Nigerian duck was 16,93 
x 109/l (Olayemi et al., 2006) and 6.58x109/l in 
wet season and 22.55x109x/l in dry season 
(Olayemi and Arowolo, 2009). The different 
leukocyte is caused by genetic and fowl age. 
The main function of leukocyte is as body 
immune system, this result indicated that the 
different leukocyte was due to different 
heterophile. Heterophile functions as 
phagocytosis to defend against pathogen 
microorganism through the lysis of cell wall ( 
Moyes and Schute, 2008), this shows that 
immune system in female local duck applies 
phagocytosis mechanism. 
Season is strongly related to the stress 
condition of both Muscovy duck and local duck. 
In wet season fowls are in a more welfare with 
lower heterophile/lymphocyte than that in dry 
season. The research result showed that 
heterophile/lymphocyte ratio was relatively 
equal in Muscovy duck and local duck in both 
sexes. Campo et al., (2000) stated that one of 
stress indicators in fowl is 
heterophile/lymphocyte ratio. Fujita et al., 
(1998) stated that fowls in welfare or in normal 
physiological condition and proper 
environment have a relatively lower 
heterophile/lymphocyte ratio than distressed 
and under pressure fowls. The result showed 
that biologically local duck has a higher stress 
level than Muscovy duck. Stress condition is 
observable from the restless local duck, and 
being recluse when approached, Muscovy duck 
on the other hand is calmer. Bounous and 
Stedman (2000) reported that heterophile and 
lymphocyte   are   the   most   component from 
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Tabel 2. Average of  leukogram, differential leukocyte, and heterophile/lymphocyte ratio of Muscovy 
duck and local duck in dry season and wet season  
Season 
Water  
fowl 
Leukocyte Heterophile Eosinophile Lymphocyte  Monosit H/L 
(mil/ul) (%) (%) (%) (%)   
Dry  
season 
MMD 6368.75±3279.04ab 49.13±16.23ab 6.25±3.33ab 35.38±13.86ab 7.50±7.75ab 1.81±1.27ab 
FMD 5187.50±3528.33a 52.13±10.96ab 4.63±2.56ab 29.75±9.42ab 11.50±4.63b 2.10±1.45ab 
MLD 3625.00±1233.75a 54.75±18.29bc 14.13±7.90b 25.13±13.58a 6.00±3.16ab 3.14±2.48b 
FLD 9110.00±2845.21b 69.75±8.24c 3.13±3.31a 23.00±7.56a 4.13±3.14a 3.45±1.52b 
Wet 
season 
  
MMD 10795±3546.24b 41.50±8.76ab 14.20±6.43b 36.60±11.46ab 7.70±3.50ab 1.31±0.67a 
FMD 9770.00±2148.15b 33.60±9.81a 11.60±5.91ab 44.80±11.96b 10.00±3.37b 0.90±0.69a 
MLD 9525.00±2285.01b 39.90±13.82ab 11.40±7.32ab 42.30±14.86ab 6.40±2.46ab 1.21±0.92a 
FLD 5520.00±792.74a 39.30±18.26ab 24.50±11.53c 27.50±17.71a 8.70±5.31ab 2.80±2.85b 
MMD : male muscovy duck, FMD : female muscovy duck, MLD : male local duck, FLD : female local duck 
Values bearing different superscript at the same column differ significantly in Tukey test 
 
leukocyte which is the first defense against 
infection and breaking down the foreign matter 
through phagocytosis process. Campo et al., 
(2000) stated that the optimum ratio of 
heterophile and lymphocyte will bring welfare 
to fowl to relieve stress. Shini (2003) and Wang 
et al., (2003) also reported that H/L ratio in 
layer chicken and broiler reared in a proper 
cage had a relatively lower H/L ratio.  
Conclusions 
Local duck and Muscovy duck had a different 
haematological condition, and there was 
interaction of season, duck class and sex. The 
most significant immune system in both classes 
was heterophile. Muscovy duck and local duck 
had more comfort in wet season. 
Acknowledgement 
The sincerest gratitude is attended to the 
Head of Research Centre and Community 
Service of Jenderal Soedirman University for 
the grant of Percepatan Guru Besar research 
program. 
References 
Al-Rawashdeh OF, AY Gumaa, M Saeed, JI Orban, JA 
Patterson and AYM. Noor. 2000. Effect of 
sucrose thermal oligosaccharide carmel and feed 
restriction on performance, hematological values 
and caecal bacteriological count of broiler 
chicken.  Acta Vet. Beograd, 50: 225-239. 
ATSE. 2003.  The Livestock Revolution: A Pathway 
from Poverty?  Record of conference conducted 
by the ATSE Crowford Fund Parliament House, 
Canberra.  13 August 2003. 
Bounous DI and NL Stedman. 2000.  Normal Avian 
Hematology: Chicken and Turkey. In: Schalm”s 
Veterinary Hematology. 5th Ed. Lippincott 
Williams & Wilkins.  Philadelphia. P. 1147-1153. 
Campo JL, MG Gil, I Munoz and M Alonso. 2000.  
Relationship between bilateral asymmetry and 
tonic immobility reaction or heterofil to limfosit 
ratio in five breeds of chickens. Poult. Sci. 79: 453 
– 459. 
Chowdhury SR, TK Smith, HJ Boermans and B 
Woodward. 2005. Effects of feed-borne fusarium 
mycotoxins on hematology and Immunology of 
Turkeys. Poult. Sci. 84:1698–1706. 
Elagib HAA and ADA Ahmed. 2011.  Comparative 
study on haematological value of blood of 
indigenous chickens in Sudan.  Asian J. Poult.Sci. 
5 (1): 41-45. 
Esteves-Abe M. 2008. Welfare and Capitalism in 
Postwar Japan.  First ed. Cambridge University 
Press, New York. 
Dietert RR, KA Golemboski, H Kwak, R Ha and TE 
Miller.  1996.  Environment-Immunity 
Interactions.  In: Poultry Immunology (Editor : 
T.F. Davidson,  T. R. Morris and L. N. Payne).  
Carfax Publishing Co., Abington. 
Huff GR, WE Huff, JM Balog, NC Rath, NB Anthony 
and KE Nestor.  2005. Stress response differences 
and disease susceptibility reflected by heterophil 
to lymphocyte ratio in turkeys selected for 
increased body weight. Journal Poultry Science. 
84:709–717. 
Ismoyowati et al/Animal Production 14(2):111-117, May 2012 
 
117 
 
Fujita M, N Tazawa, T Sakai, K Ichishima, M Nakatani 
and S Yamamoto. 1998.  Effects of 
immobilization on H/L ratio and adrenal 
hormones in laying hens and raising hens. 
Proceedings 6th Asian Pacific Poultry Congress. 
Nagoya, Japan. 
Graczyk S, A Pliszczak-Krol, B Kotonski, J Wilczek and 
Z Chmielak. 2003.  Examination of hematological 
and metabolic changes mechanism of acute 
stress in turkey. Electronic J. Polish Agri. Uni. Vet. 
Med. 6: 1-10. 
Gross WB and HS Siegel.  1983.  Evaluation of The 
Heterophil/Lymphocyte Ratio as a Measure of 
Stress in Chickens.  Avian Dis. 27 : 972 – 979.  
Hauptmanova K, I Literak and E Bartova.  2002.  
Hematology and leicocytozoonosis og great Tits 
(Parus major) during winter.  Acta Vet. Brno. 71: 
199-204. 
Iheukwunere FC and U Herbert. 2003. Physiological 
responses of broiler chickens to quantitative 
water restriction: Hematological and serum 
biochemistry. Poultry Science. 2:117-119. 
Ismoyowati T, Yuwanta JHP, Sidadolog and S Keman. 
2006. Performans reproduksi itik tegal 
berdasarkan status hematologis. Animal 
Production, 8 (2): 88-93. 
Ismoyowati.  2007.  Deteksi Hematologis dan 
Polimorfisme Protein Darah sebagai Dasar 
Seleksi pada Pemurnian Itik Tegal. Disertasi. 
Sekolah Pascasarjana UGM, Yogyakarta. 
Kurtoglu F, V Kurtoglu, T Celik, T Keceri and M 
Nizamlioglu.  2005.  Effect of dietary boron 
supplementation on some biological parameters, 
peripheral blood lymphocyte, splenic plasma 
cells and bone characteristic of broiler chicks 
given diets with adequate or inadequate 
cholecalciferol (vitamin D3) content. Br. Poultry 
Science. 46: 87-96. 
Lamosova D, M Macajova and M Zeman. 2004. 
Effect of short-term fasting on selected 
physiological function in adult male and female 
Japanese quail. Acta Vet. Brno. 73: 9-16. 
Moyes and Schute. 2008. Principles of Animal 
Physiology. 2nd Ed. Perarson International  
Edition. NewYork. 
Olayemi FO and ROA Arowolo. 2009. Seasonal 
variations in the haematological values of the 
Nigerian duck (Anas platyrhynchos). Int. J. Poult. 
Sci. 8 (8): 813-815. 
Olayemi FO, EO Ojo and OA Fagbohun, 2006. 
Comparative study of the haematological and 
plasma biochemical parameters in the Nigerian 
duck (Anas platyrhynchos) and the Nigerian 
laughing dove (Streptopelia senegalensis). 
Vet.Archive. 76: 145-151.Pierson FW. 2000.  
Laboratory Techniques for Avian Hematology. In: 
Schalm’s Veterinary Hematology.  Fifth ed. 
Lippincott William & Wilkins. Philadelphia. 
Pp:1145-1146.  
Shini S.  2003.  Physiologica Responses of Laying 
Hens to Alternative Housing System. Poult. Sci. 
Vol. 2 (5): 357-360.  
Sturkie PD. 1976. Blood Physical Characteristic, 
Formed, Elemant, Hemoglobin and Coagulation.  
PD Sturkie, editor. Avian Physiology. 3thEd.  
Sringerverlag.  New York. Pp. 53 – 75. 
Talebi A, S Asri-Rezaei, R Rozeh-Chai and R Sahraei. 
2005. Comparative studies on hematological 
values of broiler strains (Ross, Cobb, Arbor-acres 
and Arian).  Poultry Science. 4 (8): 573-579. 
Vecerek, V., E. Strakova, P. Suchy and E. Voslarova.  
2002.  Influence of high environment 
temperature on production and hematological 
and biochemical indexes in broiler chicken. Czech 
J. Anim. Sci., 47: 176-182. 
Wang W, RF Wideman  Jr, ME Chapman, TK Bersi 
and GF Ert.  2003.  Effect of intravenous 
endotoxin on blood cell profile of broiler housed 
in cage and floor litter environment.  Poult. Sci. 
82: 1886-1897.  
Zhang,H., C. X. Wu, Y. Chamba, and Y. Ling.  2007. 
Blood Characteristics for High Altitude 
Adaptation in Tibetan Chickens.  Poultry Science 
86:1384–1389. 
